Introduction
In a previous study (26) of changes in chemical composition of tung fruit from June 28 through November 29, 1940, it was shown that oil, sucrose, and protein accumulated in tung kernels and that starch and reducing sugar disappeared towards the end of this period. Appreciable quantities of nitrogen and carbohydrates disappeared from the hull as the fruits approached maturity and probably were in part translocated to the kernel to contribute to the substances stored there. However, the reserves lost from the hull accounted for only a small part of those stored in the kernel; hence the oil, sucrose and protein must have been largely synthesized from substances translocated to the kernels from the leaves or from storage tissues of the tree. In the investigation to be described in this paper as in the study previously reported (26) , periodic analyses were made of developing fruits to determine the amounts of accumulated oil, and changes in dry matter, carbohydrates and nitrogenous constituents. In addition data were collected concerning: (a) the mineral, pectic acid and tannin contents of the fruit, (b) the characteristics of the oil, (c) the photosynthetic activity of the leaves on bearing shoots, (d) the catalase and respiratory activity of the fruit.
The oil present, in mature tung kernels is composed largely of the glyceride of alpha-elaeostearic acid (20) in which the fatty acid radicals contain a conjugate system of double bonds, not found in most vegetable oils. As pointed out previously (26) , the reducing sugar and starch are the main sources of carbon for this oil. It has been noted by other investigators (11, 15, 17, 18, 23, 27 ) that fats and oils are formed from carbohydrates but no satisfactory account is available of the exact mechanism of transformation of carbohydrates into oil (10) . A knowledge of the biological activity and changes in composition of the different parts of the tung fruit during development is desirable because it provides fundamental information concerninig the synthesis of oil in tung and because it may ultimately lead to a better understanding of the effects of orchard practices on formation of the oil.
Materials and methods SAMPLES OF FRUIT.-In order to eliminate the wide variations in fruits due to genetic differences among seedlingv trees, the study was conducted through-out the summer and fall on fruits from a single 29-year-old tree growing under good cultural conditions on the grounds of the Florida Agricultural Experiment Station at Gainesville, Florida. Two random samples of 15 fruits each were picked at monthly intervals from May 15 to November 15. Insufficient fruits were available to permit using larger samples and a moderate sampling error was necessarily involved (16, 24) . Fruits were picked at random from all parts of the tree between the hours of 8: 00 and 10: 00 in the morning. The stage of development of the fruits and their average weight and diameter on the various sampling dates are given in table I. The fruits were prepared for analysis by the procedure described in a previous publication (26) .
Results and discussion The results of the chemical analyses and other determinations are summarized in tables II, III, IV and V. Each entry is the average of two determinations, on each of two independent samples.
ORGANIC CONSTITUENTS.-The principal components of the tung fruit are (1) outer hull, (2) inner hull, (3) shell, and (4) kernel. Excepting in May and June, when the fruits were too small to make the separation, these components were analyzed separately; but to simplify presentation of the data the outer hull, inner hull and shell have been combined and in this paper will be designated "hull." Since in this study results obtained with the dry matter, carbohydrate, and nitrogenous fractions are similar to those previously reported, only the main trends of these constituents will be presented here. The dry weight of the whole fruit and of its hull and kernel components attained a maximum in September and then declined appreciably (table II) . This loss in dry weight, which occurred after the fruits dropped to the ground, has been observed consistently in several different studies. It may be due to respiration and in part to bacterial or mold action on the hull. It may be noted that the diameter of the fruits increased from 2.2 cm. in May to 4.6 cm. in June (table I) and that this rapid increase in size was accompanied by a decrease in percentage of dry matter from 24.23 to 17.32 (table II) . Beginning June 15, the whole fruit and its hull and kernel components, gained steadily in percentage of dry matter until November.
Reducing sugar in the hull increased from 246 milligrams per fruit in July to 266 milligrams in August, and thereafter declined steadilv until November. The very small quantities of reducing sugar in the kernel at the early sampling dates completely disappeared in October and November. Non-reducing sugar in the hull declined steadily from 633 milligrams per fruit in July to 235 milligrams per fruit in September, then fell to 9 and 3 milligrams, respectively, in October and November. Non-reducing sugar, identified as sucrose, was stored in the kernel, attaining a maximum of 160 milliorams per fruit in August and declining to 122 milligrams per fruit in November. The presence of sucrose in the kernels at maturity and its utilization in germination (13) indicate clearly that it is a reserve carbohydrate. Starch tended to accumulate in the hull during the last two months; but only a trace was found in the kernel at the September and October sampling dates, and none in November. The starch was largely in the shell, here included with the hull. (15) , flax, rape, and hemp (11) .
Both alcohol-soluble and insoluble nitrogen in the hull showed a general downward trend from July to November. In the kernel alcohol-soluble ni- PLANT PHYSIOLOGY Polysaccharides (acid hydrolyzable residue from starch determinations) were abundant in the hull, reaching a maximum of 1124 milligrams per fruit in September, then declining to 918 milligrams in November. Relatively small quantities were found in the kernel, the maximum being 189 milligrams per fruit in September. On a percentage basis the polysaccharides in both hull and kernel were remarkably uniform throughout their development, the percentages in the hull ranging from 7.47 to 8.13 and those in the kernel from 2.02 to 2.36. The rate of accumulation and the distribution of the polysaccharides suggest that they are constituents of the structural materials, which are much more abundant in the hull than in the kernel. This view is supported by evidence that polysaccharides are not used in germination (1 ).
The pectic acid in tung fruit was found only in the hull. It increased from 810 milligrams per fruit in July to 1151 milligrams per fruit in September, and then declined suddenly to 370 and 410 milligrams per fruit respectively in October and November. The structural elements of the hull were complete in August but there was a marked increase in pectic acid content of the hull between August and September. This may be the result of the thickening of the cell walls with pectic substances. (21) believes that the oil in black walnuts is derived from tannin. However, the principal drop in tannin content of the hull took place after the fruit fell to the ground and may be due simply to leaching out of the tannin after the death of the cells of the hull, or to transformation of the tannin to a less soluble form.
INOGRANIC CONSTITUENTS.-The weight of ash in the hull of each fruit increased steadily from July to October and that in the kernel from July to September (table IV) . The maximum ash content of the whole fruit, 1181 milligrams, occurred in October. The ash content of the components and of the whole fruit declined slightly in November. In July, when the kernel was very watery, the ash content attained 13 PLANT PHYSIOLOGY after which it declined to 226 and 247 milligrams per fruit in October and November, respectively. In November the potassium content of the hulls was 2.19 per cent. In July there were 20 milligrams of potassium in the nucellus and the relatively small endosperm and embryo of the kernel. Thereafter the quantity of potassium increased steadily to 50 milligrams per fruit in October and November. The percentage was very high in July, November the hulls were "brown and hard," it is quite possible that the respiration observed was at least in part that of micro-organisms. The data on respiration support the previous conclusion that after the fruit drops from the tree, the hull loses weight through respiration of its tissues and in part through the action of fungi and bacteria. At all times the respiratory quotient of the hull was close to unity. The rate of carbon dioxide evolution of the kernels was at a maximum in September; the rate of oxygen assimilation was high, but lower than in August. This resulted in a high respiratory quotient, which might ensue from the release of oxygen incident to the conversion of glucose into the elaeostearic acid glyceride, the principal component of tung oil. However, the maximum accumulation of oil in the kernel occurred between July 15 and August 15, respiratory activity on the July and August sampling dates was considerably lower than in September, and the respiratory quotient was at or near unity. A high respiratory quotient when the synthesis of oil was at the maximum and reducing sugar content at its minimum, was observed by GERBER (6) Summary and conclusions 1. The whole fruit and its hull and kernel components (includes inner hull, outer hull, and shell) gained consistently in dry weight until September, but declined appreciably after the fruit dropped to the ground. The loss is probably due to respiration and in part to action of bacteria and fungi on the hull.
2. Reducing sugar in the hull increased until August and then declined. Only very small quantities were present in the kernel and these completely disappeared in October and November.
